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Abstract 
      Nickel ferrite (NiFe2O4) is synthesized by using auto combustion method with citric acid as a chelating agent.  The formation 
of single phase nickel ferrite was confirmed through powder X-ray diffraction. The vibrational analysis was confirmed through 
fourier transform infrared spectroscopic (FTIR) analysis. The compositional analysis was confirmed through energy dispersive 
X-ray analysis (EDS). Surface morphology, crystalline form of NiFe2O4 was also investigated through transmission electron 
microscopic (TEM) analysis. Magnetic measurements showed the ferromagnetic behaviour with curie temperature at 500 °C 
which is in agreement with that of the reported values. The results were discussed in detail. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 The aim of this study is to develop and suitable process to produce nanoferrites using auto combustion 
technique. Ferromagnetic properties of the material depend very much on the particle or grain size. When the 
particle size is large, compare to the single domain size then the material act as a hard magnet. If the particle size 
smaller than the single domain size the material act as a soft magnet.  
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However, ferromagnetic materials only have ferromagnetic properties over a certain critical size. The 
ferromagnetic materials become super magnetic, due to the disordering of magnetic moments below its critical size, 
which is caused by thermal disturbance. Nanosized spinel ferrite particles, a kind of soft magnetic materials with 
structural formula of MFe2O4 (M = divalent metal ion, e.g. Mn, Mg, Zn, Ni, Co, Cu, etc.), are one of the most 
attracting class of materials due to their interesting and important properties such as low melting point, high specific 
heat capacity, large expansion coefficient, low saturation magnetic moment and low magnetic transition temperature, 
etc (Tian.MB. 2001, Xu. Q. et al. 2009). Nickel ferrite is one of the versatile and technologically important soft 
ferrite materials because of its typical ferromagnetic properties, low conductivity and thus lower eddy current losses, 
high electrochemical stability, catalytic behavior, abundance in nature, etc (Gunjakar et al. 2008). This ferrite is an 
inverse spinel in which eight units of NiFe2O4 go into a unit cell of the spinel structure. Half of the ferric ions 
preferentially fill the tetrahedral sites (A-sites) and the others occupy the octahedral sites (B-sites) (Goldman. 1993). 
The synthesis of spinel ferrite nanoparticles has been intensively studied in the recent years and the principle role of 
the preparation conditions on the morphological and structural features of the ferrites is discussed (De guire. 1989, li. 
2000, ferreira et al. 2003, manova et al. 2004). Large-scale applications of ferrites with small particles and tailoring 
of specific properties have prompted the development of widely used chemical methods, including hydrothermal , 
sonochemical reactions (shafi et al. 1998), microwave plasma (hochepied et al. 2000), co-precipitation (kim et al. 
2003), micro emulsion methods (Feltin and Pileni 1997), citrate precursor techniques(Prasad et al. 1998)  and 
mechanical alloying (shi et al. 1999) for the fabrication of stoichiometry and chemically pure spinel ferrite 
nanoparticles. The sol-gel route is one of the most commonly used techniques due to its economics and high degree 
of compositional control.  Nanocrystalline nickel ferrite, NiFe2O4, was successfully prepared via reaction between 
metal nitrates solution with surfactant assisted processes. Investigations on the particle size, morphology and 
magnetic properties of inverse spinel nickel ferrite in at different conditions are carried out by the XRD, TEM, and 
VSM techniques. 
2. Experimental Techniques 
2.1 Materials and methods 
 
All the chemicals used in this experiment Ni (NO3)2·6H2O, Fe (NO3)3·9H2O and citric acid were of analytical 
grade and also used without further purification. Chemicals are weighed carefully in electronic balance using spatula 
nickel nitrate and iron nitrate were diluted in the distilled water in the proposed manner. They are mixed together the 
solution is continuously stirred using a magnetic stirrer and constantly maintained the temperature at 80 °C. Citric 
acid acts as a chelating agent mixed with the solution with the ratio of 1:1. Condensation reaction occurs between 
the adjoining metal nitrates and the molecules of citrates yielding a polymer network in colloidal dimensions known 
as sol. Continuous heating of xero gel leads to the formation of nano powder of NiFe2O4 through a auto combustion 
process until all the gel was burnt out completely to form loose powder. The powder was then calcined at a 
temperature of 700 °C.  
 
2.2 Characterization analyses 
 
The structure was studied using X-ray diffraction spectrometer using Philips PW 1820 diffractometer with Cu Kα 
radiation.  FTIR spectrum for the powder sample was recorded in the range from 400 to 4000 cm−1 at room 
temperature using Bruker IFS 66V FTIR spectrometer. The particle size and surface morphology were examined 
through transmission electron microscope (TEM) JEOL JEM 2100 using high resolution transmission electron 
microscope (HRTEM) 200 Kv Japan.  Magnetic measurements were carried out using a superconducting vibration 
sample magnetometer (Oxford Instruments) with a maximum field of 80 kOe in the temperature range from 5K to 
room temperature. Temperature dependent magnetization was measured using the same instrument fitted with high 
temperature (HT) set-up for the samples calcinated at 700 °C for the maximum applied field of 10 kOe. 
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3. Results and discussion 
 3.1. X-ray diffraction 
 
XRD data was used to determine the structural parameters of all the samples. All the XRD peaks can be indexed 
to the cubic spinel structure with no extra lines corresponding to any other planes, which show that the prepared 
ferrites are single phase. The broadened nature of these diffraction peaks indicates that the grain sizes of the sample 
is on nano meter scale. The mean crystallite size was calculated from the XRD line width of (311) peak using  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Powder X–ray diffraction patterns of (a) JCPDS 74-2081; (b) NiFe2O4 at 700 °C. 
Debye-Scherrer equation: 
 ܦ ൌ ͲǤͻߣȀߚݏ݅݊ߠ (1) 
D stands for crystalline size, λ is the wavelength of the radiation, β is the full width at half maximum (FWHM in 
radians) centered at 2θ of the most intense peak at (311) (Konig and Chol 1968, Chae et al. 2004, Gupta et al. 2007). 
The miller indices help us to identify the planes of the crystal. The hkl indices of the sample are (111), (220), (311), 
(222), (400), (422), (511), (440) and (620) as plotted in fig. 1 
 
All the peaks of the XRD pattern were indexed and D-spacing values are plotted in the tabulation below (Tab.1). 
Table 1. D spacing values for each plane.  
2θ   (°) hkl Planes D – spacing (nm) 
16.415 111 3.533 
30.294 220 1.448 
35.685 311 2.514 
37.329 222 2.407 
43.373 400 2.085 
53.819 422 1.702 
57.376 511 1.604 
63.013 440 1.474 
71.504 620 1.318 
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3.2. EDS analysis 
 
   The energy dispersive spectroscopy's X-ray detector measures the number of emitted X-rays compared to their 
energy. The energy of the X-ray is characteristic of the element from which the x-ray was emitted. A spectrum of 
the energy versus relative counts of the detected X-rays is obtained and evaluated to determine quality and quantity 
of elements present in the sample. EDS measurement results comply with what is expected from the synthesis. In 
other words, mass ratios of chemical compositions are in agreement with the outcomes of the EDS (Fig.2). The 
experimental mass percentage and atom percentage for the sample are given in the Table-2. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. EDS for NiFe2O4 at 700 °C. 
Table 2.  Experimental mass percentage and atom percentage of Ni Fe2O4. 
 
 
3.2. Magnetic measurement analysis 
 
   Fig.3 shows the hysteresis loop of nickel ferrite calcinated at 700 °C. The magnetisation curves displays higher Ms 
value of 31 emu/g, this value somewhat lower than bulk values. The hysteresis loop show essentially small 
coercivity, improved crystallites and higher magnetisation. Coercive field value is decrease it can be attributed to 
larger magneto crystalline anisotropy characteristic nickel ferrite. At room temperature the coercivity is large due to 
the scattering in direction of anisotropy field due to inhomogeneous broadening. At high temperature, it has the 
tendency to make magnetic moment isotropic causes the coercivity to decrease. 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Hysteresis loop for NiFe2O4 at 700 °C. 
 
Element Mass % Atom % 
O K 42.59 72.36 
Fe K 44.34 21.58 
Ni K 13.07 06.05 
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 Fig. 4. FE-SEM for NiFe2O4 at 700 °C.     Fig. 5. TEM for NiFe2O4 at 700 °C.                             
3.2 SEM and TEM analysis 
 
 Fig.4 shows the field emission scanning electron micrographs (FE-SEM) of nickel ferrite. Scanning electron 
micrographs (SEM) images indicate that the samples consist of cubic shaped with the existence of soft 
agglomeration and also it shows that clear boundary between neighbouring crystallites can be observed. In order to 
investigate the morphology and particle size, the TEM images of samples were obtained and it is shown in Fig. 5. 
The particles are roughly spherical and have a crystalline size in the range of 45-55 nm. The particles are more or 
less spherical and are more agglomerated for due to magnetic property of ferrite nanocrystals and their distribution 
is quite complicated. Average grain-size obtained from TEM image of sample is approximately 60 nm, which is in 
good agreement with the size determined by XRD patterns.  
4. Conclusion 
Nanocrystalline nickel ferrite powder has been successfully synthesized by auto combustion method. The 
Structural, morphology and magnetic properties of the obtained materials have been studied. The formation of single 
phase is confirmed by the XRD technique. SEM and EDS measurement showed the chemical composition, element 
distribution and homogeneity of the nanocrystalline powder. The crystalline size is increased when compared with 
asprepared sample it shows that increase in temperature increase its crystallite size. The magnetic properties of low 
coercivity and saturation magnetisation, it is used in preparation magnetic storage devices. The prepared 
nanocrystalline combustion method at low temperature pure and uniform in nature, there is no agglomeration 
formed. Further investigations on preparation of the other magnetic ferrites at various temperatures are in progress. 
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